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. Electrophoresis analyses helped to establish that collagen types I and III are predominant in the myocardium 1, 2 , which was also found by histologic techniques 3 . However, at least 3 other collagen isoforms are believed to be present in the myocardium: types IV, V, and VI [4] [5] [6] [7] [8] . Type I is the most abundant of all these types, corresponding to approximately 80% of the total myocardial collagen, followed, in quantitative terms, by type III, which corresponds to approximately 12% 9 . Almost all the hydroxyproline present in the human body stems from the hydroxylation of proline residues, during the posttranslation processing of the procollagen α chains 10 . Although it is also found in other proteins, such as elastin, the C1q component of the complement system and acetylcholinesterase 11 , hydroxyproline is considered characteristically a collagen amino acid, and its determination by various methods can be considered as an indicator of the tissue collagen content 11, 12 . The collagen content of the myocardium can be estimated by considering that 100 g of collagen contain approximately 13.4 g of hydroxyproline 13, 14 . It must however be taken into account that elastin is also one of the constituents of the extracellular myocardial matrix. Yet, the contribution of the hydroxyproline contained by elastin is considered negligible with regard to the total content of this amino acid or, more appropriately, imino acid in the myocardium, not only because its amount in elastin is very small as compared with the amount present in collagen, but also because the myocardium of humans and of test animals that are not affected by any kind of disease contains much more collagen than elastin 15 . Although studies exist about the quantification of collagen in the heart by biochemical, morphometric methods, or both, reports about investigations comparing results obtained by both methods are rare. The hypothesis raised by the authors is that the intensity of fibrosis in the myocardium can be evaluated both by histomorphometry and by the biochemical dosage of hydroxyproline. In this study, an attempt was made to quantify collagen by the biochemical and the morphometric methods in fragments of the left ventricular myocardium fixed in 10% formalin and in nonfixed fragments, and to verify whether a correlation exists between the 2 methods.
Methods
Fragments of the left ventricular myocardium of 45 patients who had undergone necropsy within 36 hours after death were collected at the Hospital Escola da Faculdade de Medicina do Triângulo Mineiro (Uberaba, MG, Brazil); 33 (73.3%) of them were males. The patients' ages ranged from 16 to 80 years, the mean being 51±17.2 years.
No cardiopathy was present in 23 (51.1%) patients. Of the 22 cases with a cardiopathy, 7 had chronic Chagas disease, 12 had hypertension, 6 had ischemia, 5 had chronic cor pulmonale, and 1 had chronic rheumatic heart disease. An association of cardiopathies existed in 9 cases. From each heart, a 2.0 x 2.0 x 0.3-cm fragment of the left ventricular myocardium was removed at the upper third of the free left ventricle wall. After removing the epicardium and the endocardium, each fragment was cut into 6 fragments of 0.3 x 0.3 x 0.3-cm each. Three of these fragments were placed in a glass tube containing 15 mL of 10% formalin, and the other 3 in another tube containing 15 mL of ethyl ether P.A. (for analysis); both tubes were kept in a freezer until the biochemical determination of the hydroxyproline concentration.
Fragments of the left ventricular myocardium were also collected, fixed in 10% formalin, routinely processed and embedded in paraffin for histopathologic and morphometric analyses. The blocks made in this manner were cut with a microtome to obtain 6-µm thick sections, which were placed onto glass slides and stained by the hematoxylin-eosin and picrosirius techniques.
For the biochemical determination of the hydroxyproline concentration, Bergman and Loxley's method 16 modified by Medugorac 17 was used. This technique can be considered an improvement of Neuman and Logan's method 12 . According to these authors, the collagen content of a given tissue sample can be estimated from its hydroxyproline concentration, by multiplying its value by 7.46, since this imino acid represents 13.4% of collagen. Each fragment was dehydrated in 1 mL acetone P.A. for 1 hour at room temperature, and degreased in 2 mL petroleum ether P.A. for 2 hours. Following petroleum ether removal, the fragments were dried, initially in an incubator at 110°C for 30 minutes, and then in a lyophilizer at -40°C and a negative pressure of 20 millibars for 24 hours. After drying, the fragments were weighed with a digital analytical balance to obtain their dry weights. Then each fragment was placed in a 5-mL glass flask containing 100 µL of HCl 6N. The flasks were hermetically closed by using a Bunsen burner and placed in an incubator at 110°C for 12 hours. The flasks were then opened and the hydrolysate was resuspended in 1 mL of HCl 1 mM, transferred to 1.5-mL Eppendorf tubes for centrifugation at 3,000 rpm for 5 minutes room temperature. The supernatant was used for the photocolorimetric determination of hydroxyproline concentration.
The determinations of hydroxyproline concentration in the left ventricular myocardium, hydrolysates were made in triplicates. To each test tube the following reagents were added, in this order: (1) 100 µL of hydrolysate; (2) 400 µL of HCl 1 mM; (3) 1 mL of isopropanol P.A.; and (4) 500 µL of an oxidant solution prepared by diluting 1 volume of a 7% trihydrated chloramine-T solution P.A. in bidistilled water with 4 volumes of citrate buffer, pH 6.0, making up a total volume of 2 mL. Standard solutions of 1.0, 2.0, 4.0, 8.0, and 16.0 µg/mL of hydroxyproline were also prepared in triplicate to make a calibration curve. To the tubes corresponding to the standard solutions, the same volumes of 100 µL of hydroxyproline standard solution, 1 mM HCl, isopropanol, and oxidant solution were added as to the tubes containing the hydrolysates. A blank was also prepared in triplicate, by adding 500 µL 1 mM HCl instead of hydrolysate or standard solution. All tubes were left to rest at room temperature for 4 minutes. After that, to each tube 1 mL of Ehrlich's reagent was added, freshly prepared by mixing 17.6 g paradimethylaminobenzaldehyde P.A. with 23.3 mL perchloric acid P.A. and completing the volume to 1L with isopropanol P.A. Immediately afterwards, all tubes were incubated in a water bath at 60°C for 21 minutes, then transferred to an ice bath and left to rest for 60 minutes. The optical densities at 562 nm were measured by using a spectrophotometer.
To evaluate the yield of this method, triplicate standard solutions were prepared at the concentrations specified earlier. One µg hydroxyproline was added to these solutions. All tubes used for this purpose were submitted to the same treatments as the tubes containing the hydrolysates and also to the hot acid hydrolysis procedure.
The hydroxyproline concentration values obtained by using the calibration curve were corrected taking into account the yield of this method. After these corrections, the concentrations were converted to µg hydroxyproline/mg of dry tissue weight.
The morphometric quantification of myocardial fibrosis was made by using an integrating ocular lens (Carl Zeiss, Germany) containing a reticulum with 25 randomly distributed dots. The ocular was connected with an ordinary light microscope with a 10 X objective, providing a final enlargement of 100 X. The reticulum was projected on each microscopic field of the myocardium, and the dots that were coincident with fibrous tissue were counted. For each histologic section, counts were made on 60 fields, and 1,500 were examined per section. For each case, the percentage of dots coincident with fibrosis was calculated. Fibrosis quantification was carried out on sections stained by picrosirius, examined under standard or polarized light, after previous analysis of the slides stained with HE.
The distributions were tested with the KolmogorovSmirnov normality test. Because they all were shown not to be normal, the Wilcoxon test and Spearman's rank coefficient were used. The observed differences were considered significant whenever p<0.05.
Results
The medians of the hydroxyproline concentrations in the formalin-fixed or nonfixed left ventricular myocardium specimens were 4.50 µg hydroxyproline/mg dry tissue weight and 4.30 mg hydroxyproline/mg dry tissue weight, respectively. The median of the fibrosis percentage was 11.41% (Table I) .
The correlation between the hydroxyproline concentrations in the fixed left ventricular myocardium specimens and the fibrosis percentage was positive and nonsignificant (Sr=0.25; p=0.099). On the other hand, the correlation between the hydroxyproline concentrations in the nonfixed specimens and the fibrosis percentage was also positive, yet statistically significant (Sr=0.32; p=0.03) (Figure 1 ).
Discussion
Regardless of the left ventricular myocardium specimens being fixed or nonfixed, the results shown regarding hydroxyproline concentration do not differ from those found by other authors who used colorimetric methods for that determination. Thus, Wegelius , found in the left ventricular myocardium of noncardiopathic necropsy patients a hydroxyproline concentration of 5.26 µg/mg of dry tissue weight; in patients with chronic Chagas heart disease, this concentration varied between 4.84 and 5.02 µg/mg, and in patients with hypertensive heart disease, the concentration was 2.05 µg/mg. Taking these cases into account, the mean hydroxyproline concentration was 4.02 µg/mg of dry tissue weight. Other authors 24 , who studied subendocardial biopsies of the left ventricular myocardium of noncardiopathic patients and of others with constrictive pericarditis, kept in liquid nitrogen, found mean hydroxyproline concentrations of 6.1 and 10.9 µg/mg of dry tissue weig- Table I ht, respectively. Other studies report values of hydroxyproline, collagen concentrations, or both, in the left ventricular myocardium, determined by photocolorimetric methods [25] [26] [27] [28] [29] . However, in these reports, the results were expressed in µg of hydroxyproline/mg of humid tissue weight, without mentioning the water content of the samples. The possibility of quantifying collagen from the dosage of Syria red and of picric acid, after a picrosirius staining 30 , has to be pointed out.
Although several reports exist in the literature on the quantification of collagen done by the concomitant utilization of the photocolorimetric and the morphometric methods 21, 23, 29, [31] [32] [33] [34] [35] , in only 2 of these reports 21, 31 are the correlations between the methods described. Takahashi 31 caused myocardial necrosis in rats by intraperitoneal injection of isoproterenol. The concentration of hydroxyproline in the myocardium was measured by the photocolorimetric method 36 , and the percentage of fibrosis was determined with a device that allows projection of the sections on a screen with 300 dots. The correlation found was positive and statistically significant (r=0.79; p<0.05). However, the author did not mention which region was studied, nor whether the fragments were fixed or not. In another study 21 , formalin-fixed fragments of the free left ventricle wall were analyzed; the concentration of hydroxyproline was determined by a photocolorimetric method 24 , and the morphometry was performed by using a computer-assisted image analysis system. A positive and significant correlation (r=0.98; p<0.01) was found. In a third study 34 , a comparison was made between the biochemical and the morphometric methods, and a positive and significant correlation was found (r=0.89; p<0.05); however, the values of the hydroxyproline dosage are not expressed.
In this study, the correlations between the hydroxyproline concentrations in the left ventricular myocardium and the percentages of fibrosis were positive, and the values were lower than those found in the 2 previously mentioned studies 21, 31 . However, the data obtained in the present investigation are not comparable to those presented in those 2 studies, because one of them 31 used test animals, fibrosis was pharmacologically induced, and the photocolorimetric method used for the determination of the hydroxyproline concentration was different from the one used in this study. In the other study 21 , the authors also used a biochemical and mainly a morphometric method different from those used in this investigation.
Another factor that may have contributed to the low correlation coefficients between the concentration of hydroxyproline and the percentage of fibrosis is the distribution of the connective neoformation observed in some cardiopathies found in the patients studied. Some samples were obtained from hearts with diseases in which fibrosis is distributed in a focal manner, as in the case of chronic Chagas cardiopathy 37 and of ischemic cardiopathy 32, 33, 38 . Thus, it is possible that the fragments used in the determination of the hydroxyproline concentration, although adjacent to those used in the morphometric study, did not have precisely the same collagen content.
In conclusion, despite some small differences, a positive correlation existed between the intensity of fibrosis morphometrically quantified in histologic sections of the left ventricular myocardium and the biochemically determined concentration of hydroxyproline, particularly when this determination was made on nonfixed left ventricular myocardium specimens. Currently, the method considered the gold standard for collagen quantification in the myocardium is the biochemical method associated with the use of a computer-assisted image analysis system 34 . The present study proves that the biochemical methodology is adequate and that manual morphometry has limitations that can interfere with the statistical significance of correlations used to estimate the intensity of fibrosis in the human myocardium.
